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[57] ABSTRACT 

A sintered ceramic body has a surface layer containing 
yttrium silicate, cristobalite and silicon nitride, and 
mainly consists of silicon nitride. The silicon ceramic 
body is manufactured by preparing a composition con- 
taining a silicon nitride powder and an yttrium oxide 
powder, forming and sintering the composition, and 
heat-treating the sintered body in an oxidizing atmo- 
sphere. The ceramic body has a high mechanical 
strength over its entire surface and has little variation in 
mechanical strength. 

10 Claims, No Drawings 
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der, herein serves as a sintering accelerator. The yt- 
SINTERED CERAMIC BODY trium oxide powder may be used together with another 

sintering accelerator such as an aluminum oxide pow- 
This is a continuation of application Set. No. 563»444, der, an aluminum nitride powder» a titanmm oxide pow- 
filed Dec. 20, 1983 now abandoned. 5 der, a zirconium oxide powder, a magnesium oxide 

BACKGROUND OF THE INVENTION ^^[^ ^^^^^^^'^^ <^'>^^ P^^^^^ ^ "^^ure 

The present invaition relates to a sintered ceramic nPTATT Pn nF^^RTPTiON of thp 

bPd^bich mainly consists of silicon nitride. P^^Rl^MmnmE^ 

Recently, ce ranucs have frequently been used for 10> PREFERRED EMBODIMENT 

engine parts o r the like. J — As the sintering accelerator to be used herein, an 

— Sucli a curaffllc part is ootained by forming a ceramic yttrium oxide powder can be used in the amount of at 
into a predetermined shape and sintering the formed most 10% (exclusive of 0% by weight); an aluminum 
ceramic body, or cutting a sintered ceramic body into a oxide powder, at most 10% (exclusive of 0% by 
predetermined shape. 15 ' weight); an aluminum nitride powder, at most 10% 

However, a sintered ceramic body of a complex (exclusive of 0% by weight); and a titanium oxide pow- 
shape such as a turbine rotor has low local mechanical der, a zirconium oxide powder, a magnesium oxide 
strength and variations in its overall mechanical powder, and a molybdenum carbide powder at most 
strength. This is considered to be attributable to the 5% (exclusive of 0% by weight), respectively. When 
following reason. Since a part having a complex shape 20 these sintering accelerators are i^ed together with the 
is difficult to form by press forming it is therefore manu- yttrium oxide powder, the resultant surface layer con- 
factured by cutting or grinding a formed, sintered ce- tains yttrium oxide or oxides and silicates of titanium, 
ramie body. Thus, the resultant part has both a cut or zirconium, magnesium and molybdenum and the like in 
ground surface and a non*cut or non-ground surfkce addition to yttrium silicate, cristobalite, and silicon ni- 
^tered surface). 25 tride. 

According to experiments conducted by the present In the method of manufacturing the sintered ceramic 
inventors* it was found out that the mechanical strength body of the present invention, a step for cutting or 
of a sintered surface is about 40 to 70% that of a cut or grinding a portion of the sintered surface may be incor- 
ground surface. It was also found out that the sintered porated between the sintering step and the heat-treating 
surface has great variations in mechanical strength and 30 step. The heat-treating step is peiformed in an oxidizing 
lacks uniformity. For this reason, a part having a par- atmosphere at a temperature of 800' to 1,200** C. for 1 to 
tially sintered surface is considered to have variations in 200 hours and preferably at a temperature of 900' to 
mechanical strength* thus impairing various properties 1,100* C. for S to 150 hours. 

of the part The sintering step is performed in a non-oxidizing 

QTTMM APV n¥7 XWT3 TMVBKTrTnM atmosphcrc at a temperature of 1,W to 1.9(K)' C. for 

SUMMARY OF THE INVENTION q^j preferably at a temperature of 1.700* 

It is an object of the present invention to provide a to 1,800" C. for 1 to 4 hours, 
smtered ceramic body which has a high mechanical When the heat-treating step is performed at a temper- 
strength over its entire surface and which has little ature below 800*" C, a satis&ctory improvement in 
variation in mechanical strength. 40 mechanical strength cannot be obtained. On the other 

Accordmg to the present invention, there is provided hand, if the heat-treating temperature exceeds 1,200" C, 
a sintered body of silicon nitride-based ceramics, which the mechanical strength is impaired. Such an improve- 
contains yttrium oxide and w hich has a surface layer ment in mechanical strength is c<Hisidered to be attribut- 
c ontaining ytttium silicate , cristobaute and silicon ni- able to the followmg. A sintered surfoce has small pores 
trifle, l ite surtace layer ftas a thicknes8_otl to 100 urn 45 and has a mechanical strength lower than that inside the 
a nd prefSiPiy i to Su um . The surface of the sintered smtered body. However, upon heat treatment, a surface 
body may have a cut or ground surface portion in addi- layer (glass layer etc.) is formed in the pores to improve 
tion to the surface layer. the mechanical strength. 

Said sintered body may contain at most 10% by The silicon nitride powder and the sintering accelera- 
wdght (excluding 0% by weight) of yttrium oxide. 30 tor powder to be used herein may have an average 

Said sintered body may further contain at least one particle size of 0. 1 to 5 /im, preferably 0.5 to 1 ^m. 
member selected from the group consisting of alumi- V/hen the type of a sintering accelerator to be used 
num oxide and aluminum nitride in amounts of at most herein is properly selected, the main body of the sin- 
10% by weight (excluding 0% by weight), and titanium tered body, excluding the surface layer, may be formed 
oxide, zirconium oxide, magnesitun oxide and molybde- 53 of a silicon nitride-based ceramic called SIALON. 
num carbide in amounts of at most 5% by weight (ex- The present invention wiU now be exemplified by 
eluding 0% by wdght), respectively. way of an Example and a Comparative Example. 

The ^tered ceramic body of the present invention is pvampt p 

manufactured by a method comprising the steps of: EXAMPLE 1 

I>reparing a composition containing a silicon nitride 60 A mixture was prepared which consisted of 90% by 
powder and an yttrium oxide powden forming the com- weight of a silicon nitride powder having an average 
position into a formed body; sintering the formed body particle size of about 0.9 /jun, 7% by weight of an yt- 
in a non-oxidizmg atmosphere at a temperature of trium oxide powder having an average particle size of 
1,600* to 1,900* C; and heat-treating the sintered body about 1 fxm, and 3% by weight of an aluminum oxide 
in an oxidizing atmosphere at a temperature of 800* to 63 powder having an average particle size of about I jbun. 
1,200*^ C. The mixture was formed into a sample having dimen- 

The yttrium oxide powder added to the main compo- sions of 50x 50X 10 mm. The sample was sintered in a 
nent of the composition, that is, the silicon nitride pow- nitrogen atmosphere at 1,700* C. for 2 hours. After 
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cutting and grinding a surface part having dimensions cf 1* A sintered body of silicon nitride-based ceramics . 

50X 50 mm of the sintered body, this sintered body was which contains at most 10% by weight of yttrium oxide 

subjected to a heat teeatment in the air at 1^000* C. for and at most 10% by weight of aluminum oxide and 

150 hours. X-ray dii&actiom^ 6f the resultant body which has a sur&ce layer consisting essentiafly of yt- 

revealed that the non^ound surface was a surface 5 trium silicate, cristobalite and silicon nitride, 

layer Imving a thickness of about 50 pmfmdcomprishig 2^ A sintered body according to claim 1, wherein said 

silicon nitride; cristobalite, and yttrium silicate. surfacclayer has a thickness of 1 to 100 jwn. 

The non-ground surface of the resultant sintered ce- 3. A sintered body accordmg to claim 1, wherein a 

ramie body had a mechanical strength of 90 kg/mm^ surface of said sintered body has a cut and/or ground 

and the ground surface thereof had a mechanical 10 surface in addition to said surface layer, 

strength of 100 kg/mm^ The sintered ceramic body had A sintered body according to claim .3. wherein said 

a Wdbull coffidmt m of 15 and exhibited excellent sintered body further contains at least one member 

uniformity (the Weibull coefficient m represents degree selected from the group consisting of aluminum nitride 

of uniformity; a higher Weibull coefficient m indicates a Ba^omt of at most 10% by weight; and at most 5% by 

higher uniformity). 15 weight of one or more conipounds selected from tita- 

nium oxide, zirconium oxide, magnesium oxide and 

COMPARATIVE EXAMPLE molybdenum carbide. • 

AsinteredbodydmilartothatpreparedintheExam- 5. A meAod for manufacturing a s^^ 

pie was similariy ciit and ground but was not heat- ^ ^^'^ mtnde-based ceramics, compnsmg the steps of: 

Lated. X-ray dffiractiomet^ of the resultant sintered ^ P^^B a composition contemmg a sriicon mtnde 

ceramic body revcated that the cut and ground and ^ P^^^'^'j ^^""^ 

-"^-t and Ud surfaces of ^ body a ^^^.^eT^'^"^^^ 

S£r:f?Soid?^^^^ .^^'^r^^^^^^^^ 

cut and gro^^^irface of the sintered b^^^ ti^aS^SS^^^ 
chanical ^gth of 50 while the cut^and a^;S^S"^Sg'S^ 
poundsurfeceOiereof h^ ^^^^^^^^^ lic^S on^Z 

kg/mm2. The shitered ceramic body had a WeibuU teredbody. 

coeffidMtmofS. 3q 6. A method iuxwrdhig to claim 5, further comprising 

EXAMPLE 2 ^ step of cutting and/or grinding a part of the surface 

A . ^ ' ^ ' of said ahtcrcd body after said sintering step. 

A rotor for a turbo charger was produced by usmg a 7 ^ accordmg to claim 5, wherein said com- 

antoxd body of the presait mvention. Cutting can be poaiHoa further contains at least one member selected 
apphed to the rotary shaft portion of a rotor prepared 35 j^^jq, the group consisting of alummum oxide powder, 
by Ejection molding. But, it is difficult to apply cutting aluminum nitride powder, titanium oxide powder, zir- 
to the vane portion of the rotor. Thus, cuttmg was conium oxide powder^ magnesium oxide powder and 
appUcd to the rotary shaft portion of the rotor formed molybdenum carbide powder, 
of the sintered body of the present invention, followed g, A method according to claim 7, wherein the ahimi- 
by applying heat treatinent to the rotor. The resultant 40 aum oxide powder and aluminum nitride powder are 
rotor was found to exhibit a high mechanical strength. used in amounts of at most 10% by weight (excluding 

As may be seen from the Example, a sintered ceramic 0% by weight), and the titanium oxide powder, the 
body of the presmt inyentipn has a cut and/or ground zirconium oxide powder, the magnesium oxide powder, 
surface and a noiKUt and/or ground surface which and the molybdenum carbide powder are used in 
have equivalent niechanical strengths, resultmg in an 43 amounts of at most 5% by weight (excluding 0% by 
^ceUent vodformity of the overall smtered body. Ac- weight). 

cordmg to the present mvention, a sintered ceramic 9. A method according to claim 5, >yherein said sitr- 
body of a complex shape involving both a cut and/or face layer has a thickness of 1 to 100 |un. 
ground surface and a non-cut and/or ground surface 10. A method according to claim 5, wherein said 
can have a high mechanical strength and litde variation 50 compoation contains at most 10% by weight (excluding 
in mechanical strength. . 0% by weight) of yttrium oxide powder. 

What is claimed is: • • • « » 

55 



60 



65 



Page 6 (JJeffery, 09/21/2 000, EAST Version: 1.01.0015) 




UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 4,713,302 

DATED : Dec. 15, 1987 

INVENTOR(S) : Michiyasu KOMATSU 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: ^ ^j^^ ^^^j^^ p^gg 

Box [22] should read: —Filed: May 30, 1986 — 
Box [63] should read: — Continuation of Ser. No. 563,444 
Dec. 20, 1983, abandoned — 



Signed and Sealed this 
Ninth Day of August, 1988 



Attest: 

DONALD J. QUIGO 
Attesting Officer Commissioner efPatena and Tmdemarks 



Page 7 (JJeffery, 09/21/2000, EAST Version: 1.01.0015) 



